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CONTEXT AND POLICY ISSUES

Post-traumatic stress disorder (PTSD), generalized anxiety disorder (GAD), and depression are
psychiatric disorders that interfere with daily-life activities and need psychological and
pharmacological treatments."® These mental disorders result from brain dysregulation, such as
neurological over-arousal (e.g. anxiety), neurological under-arousal (e.g. depression) or
instable-arousal (e.g. PTSD), in that patients have problems in intentionally controlling neural
functioning.* Approximately 5.7% of Canadians 18 years and older are affected by GAD, 6.8%
by PTSD, and 4.8% by major depression.**®

Patients with mental health disorders usually require pharmacological and/or psychological
interventions such as cognitive-behavioral therapy.” However, patients may not have easy
access to such treatments, especially for those living in rural areas, or may not respond well to
them.>’ For example, approximately two-thirds of patients with major depressive disorder do not
have adequate responses to pharmacological and/or psychological interventions.® Biofeedback
therapies are non-pharmacological treatments that use non-invasive electrical devices with bio-
monitoring system and sensors to measure, amplify and feed back information primarily from
nervous system processes such as respiration, heart rate, muscle tension, skin temperature,
blood flow and blood pressure, to the individual being monitored, thus promoting awareness of
these processes in an individual to assist with gaining voluntary control over body and mind.%°
Neurofeedback is a specific form of biofeedback that monitors central nervous system activity
via the measurement and regulation of brainwave activity from electrodes placed on the scalp.'®
Training with neurofeedback aims to enable the individual to modify patterns of cortical activity
and normalize brain activity.****? In general, biofeedback and neurofeedback are designed to
increase patients’ coping skills for their current situations, and usually multiple sessions of
treatment are required.*

This report was undertaken to update a previous summary of the evidence on the clinical
effectiveness and safety of neurofeedback and biofeedback which was completed in 2012.** In
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that report, findings from preliminary analyses raised the possibility that biofeedback and
neurofeedback may have a potential for the treatment of PTSD, GAD or depression.

RESEARCH QUESTIONS

1. Whatis the clinical evidence for the benefits and harms of neurofeedback provided by a
health professional for mood and anxiety disorders?

2. What is the clinical evidence for the benefits and harms of biofeedback provided by a
health professional for mood and anxiety disorders?

3.  What is the clinical evidence regarding home use of biofeedback equipment for mood and
anxiety disorders?

4. What are the evidence-based guidelines regarding the use of neurofeedback or
biofeedback for the treatment of mood and anxiety disorders?

KEY FINDINGS

Limited evidence since the publication of a previous report suggested that biofeedback (such as
heart rate variability biofeedback) may decrease the symptoms of post-traumatic stress disorder
or depression. No studies were identified on neurofeedback therapy in the target population. No
studies were found on generalized anxiety disorder. No relevant evidence-based guidelines
were identified.

METHODS
Literature Search Strategy

A limited literature search was conducted on key resources including PubMed, Medline via
OVID, PsycINFO via OVID, The Cochrane Library (2014, Issue 6), University of York Centre for
Reviews and Dissemination (CRD) databases, Canadian and major international health
technology agencies, as well as a focused Internet search. No filters were applied to limit the
retrieval by study type. The search was limited to English language documents published
between Jan 1, 2012 and Jul 28, 2014.

Selection Criteria and Methods

One reviewer screened citations and selected studies. In the first level of screening, titles and
abstracts were reviewed and potentially relevant articles were retrieved and assessed for
inclusion. The final selection of full-text articles was based on the inclusion criteria presented in
Table 1.

Table 1: Selection Criteria

Population Adults with post-traumatic stress disorder (PTSD), generalized anxiety
disorder (GAD) or depression

Intervention Neurofeedback or biofeedback provided by a health professional or
patient self-treatment at home

Comparator Other treatment for PTSD, GAD or depression (e.g. cognitive behavior
therapy, exposure therapy, eye moment desensitization reprocessing)
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No treatment

Outcomes Symptom reduction (e.g. reduced stress, anxiety)

Safety

Study Designs Health technology assessment, systematic review, meta-analyses,
randomized controlled trials (RCTs), non-RCTs, evidence-based
guidelines

Exclusion Criteria

Articles were excluded if they did not meet the selection criteria in Table 1, if the effectiveness of
one single session of biofeedback or neurofeedback therapy was assessed, if there was a lack
of comparator group, if they were published prior to January 2012, if they were duplicate
publications of the same study, or if they were referenced in at least one of the selected
systematic reviews. Studies reporting only changes in physiological outcome variables were
excluded.

Critical Appraisal of Individual Studies

The quality of the included systematic reviews was assessed using AMSTAR.® The quality of
the included clinical trials was assessed using Downs and Black checklist.*®* Numerical scores
were not calculated. Instead, the strengths and limitations of individual studies are summarized
and presented.

SUMMARY OF EVIDENCE

Quantity of Research Available

The literature search yielded 175 citations. No additional studies were identified by searching
the grey literature. After screening of abstracts, 19 potentially relevant studies were selected for
full-text review. Among these 19 studies, one was excluded because the full text article could
not be retrieved,!” and 15 did not meet the selection criteria.

Three studies'®? were included in the review: one on PTSD*® and two on depression.**?° One
was a systematic review,'® one was a randomized controlled trial (RCT),*® and one was a non-
RCT (cohort study), in which patients from two long-term care facilities were assigned to either
biofeedback therapy or usual care.?® The RCT and non-RCT were published dissertations;
however they were not peer-reviewed. No relevant evidence-based guidelines were identified.
The PRISMA flowchart in Appendix 1 details the process of the study selection.

Summary of Study Characteristics

Characteristics of the included systematic review and RCTs are summarized below and details
are provided in Appendix 2.

Systematic reviews

Wahbeh and colleagues conducted a systematic review to evaluate the evidence of
complementary and alternative medicine including biofeedback for PTSD (Appendix 2).*
Multiple databases were searched from 1950 to March 2013. There was no restriction on

Biofeedback and Neurofeedback for Mood and Anxiety Disorders 3



CADTH RAPID RESPONSE SERVICE m

language. Controlled and uncontrolled studies enrolling at least five patients and reporting at
least one measure assessing PTSD symptoms were eligible for this review. The quality of the
included studies was assessed using the Cochrane Risk of Bias Tool (for RCTs only) and the
Quiality Assessment Tool (for RCTs and non-RCTs). The level of scientific evidence was graded
for each treatment modality for PTSD to reflect the strength of available scientific data for or
against the use of each therapy: A = strong scientific evidence; B = good scientific evidence; C
= unclear or conflicting scientific evidence; D = fair negative scientific evidence; F = strong
negative evidence; L = lack of evidence. These grades were determined based on the numbers,
the design, the quality, as well as the results of the included studies. For instance, level A was
assigned when there was statistically significant evidence of benefit from more than two
properly conducted RCTSs, or from one properly conducted RCT plus one properly conducted
meta-analysis, or from multiple RCTs with a clear majority of the properly conducted trials
showing statistically significant evidence of benefit in addition to supporting evidence in basic
science, animal studies or theory. Level F was assigned when statistically significant negative
evidence from more than one properly conducted RCT. A total of 33 studies (17 RCTs, 4 non-
RCTs, 9 pre-post designs and 3 crossover interventions) were included in this review. Among
them, four enrolled patients treated with biofeedback (heart rate variability [HRV] biofeedback,
pain-focused cognitive behavioral biofeedback, and respiratory sinus arrhythmia biofeedback
therapy). The number of patients involved in the four studies on biofeedback ranged from 13 to
50. The number of received treatment sessions ranged from six to 28 and the duration of each
session ranged from 20 minutes to 90 minutes. The primary outcomes of included studies were
changes in symptoms of PTSD, based on PTSD Checklist-Military Version (PCL-M), Clinician-
Administered PTSD Scale (CAPS), Posttraumatic Diagnostic Scale (PDS), and Posttraumatic
Stress-Total scale of the Detailed Assessment of Posttraumatic States (PTS-T).

Randomized and non-randomized controlled trials

The RCT by Breach was conducted in the US,*® and the non-RCT by Bunthumporn was
conducted in Thailand.?® Patients in both studies received 10 sessions of HRV biofeedback
therapy, for 20 minutes per session in the Breach study and 30 minutes per session in the
Bunthumporn study. Detailed characteristics of the included studies are summarized in
Appendix 2.

Population

Patients in these two studies were diagnosed with depression.’®* All patients were adults aged
18 years old and older. The Thai study recruited senior patients (mean age of 76 years old)
living in assisted facilities.

Interventions and comparators

HRYV biofeedback was investigated in both studies. It was compared to a sham control in the
RCT, and compared to usual treatment such as morning exercise and social/recreational
activities in the non-RCT.**%

Outcomes

The primary outcomes of included studies were changes in symptoms of depression based on

Hamilton Depression Inventory (HAM-D), Beck Depression Inventory (BDI), Thai Geriatric
Depression Scale (TGDS), and Depressive Cognition Scale (DCS).
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Summary of Critical Appraisal
A summary of the critical appraisal conducted for selected studies can be found in Appendix 3.

In the systematic review by Wahbeh et al., a comprehensive literature search was performed
with no restrictions on language or study design. Two reviewers performed study selection
independently. One single reviewer extracted data and a second reviewer verified the accuracy
and completeness of data extraction. The methodological quality of the selected studies was
examined by two reviewers independently. Level of evidence was graded to assist in drawing
conclusions. A meta-analysis was not conducted due to the high degree of heterogeneity of the
included studies. The quality of this systematic review was compromised by insufficient data
reporting, limited number of included biofeedback studies, and small number of enrolled patients
in the included individual studies. The minimal clinically important differences (MCIDs) were not
reported; therefore the clinical relevance of the evidence was undetermined. The authors
indicated that publication bias was present when studies with positive results were more
frequently published compared to those with negative results, although the method used to
detect publication bias was not described.

The RCT by Breach enrolled 11 patients. The author indicated that a restricted randomization
procedure was adopted for treatment allocation without providing more details. The study
investigators who entered and edited the data were not blinded to patient’s condition; however,
it is unclear whether the outcome assessors of this study were blinded to patient’s condition and
treatment assignment. Evidence from this study was inconclusive, potentially due to the small
sample size, though a power calculation to determine the number of participants required to
detect significant differences between treatment groups was not reported. Patients in this RCT
may not reflect the broader population who would be typically seen in practice. The author
stated that 45% of the participants in this study had severe or very severe depression, while 9%
of the participants had mild depression.

The non-RCT was conducted in Thailand. In order to determine the sufficient number of patients
needed in the study, three different statistical tests were performed and eventually the highest
sample size calculated from one of the tests was used for the study. A convenient sample
instead of consecutive sample was gathered in this study, therefore the study results may not
be generalized to the entire patient population. The employed assessment scales had to be
translated from English to Thai for the patients to complete. Therefore, the accuracy of the
translation was uncertain. Generalizability of the study results to a Canadian population was
unclear.

Summary of Findings

Main study findings and authors’ conclusions can be found in Appendix 4.

1.  Whatis the clinical evidence for the benefits and harms of neurofeedback provided by a
health professional for post-traumatic stress disorder, generalized anxiety disorder, or

depression?

No studies on the clinical evidence regarding the benefits and harms of neurofeedback for post-
traumatic stress disorder, generalized anxiety disorder, or depression were identified.

Biofeedback and Neurofeedback for Mood and Anxiety Disorders 5



CADTH RAPID RESPONSE SERVICE m

2. What is the clinical evidence for the benefits and harms of biofeedback provided by a
health professional for post-traumatic stress disorder, generalized anxiety disorder, or
depression?

In the Wahbeh review, four studies examined the clinical effectiveness of biofeedback in
patients with PTSD.® In three out of four studies, the results showed that the symptoms of
PTSD were significantly reduced after biofeedback therapy (20 to 30 minutes per session, six to
28 sessions in total) or usual treatment (not specified in the review), but the difference between
two treatment groups was not statistically significant. The fourth study had a pre-post study
design and recruited 13 refugees with PTSD, chronic pain and experience of torture or war.
Results from this study indicated no significant changes in PTSD symptoms were observed over
time

A non-RCT examined the effect of HRV biofeedback on 100 senior Thai patients with
depression.? Participants were treated with five weeks of HRV biofeedback therapy (twice a
week and 30 minutes per session) or with usual treatment. Depressive symptoms were
assessed using the Thai version of assessment scales specific for depression. At the end of the
treatment, statistically significant reductions in depressive cognition and depressive symptoms
scores were observed in the biofeedback therapy group, but not in the control group. Due to the
absence of MCIDs, assessment of the clinical importance of the between-group differences
could not be done. The authors indicated that the study suggested a beneficial effect of
biofeedback on depressive symptoms in senior patients.

3. What is the clinical evidence regarding home use of biofeedback equipment for post-
traumatic stress disorder, generalized anxiety disorder, or depression?

An RCT examined the effect of HRV biofeedback on 11 adults with depression.® Participants
were treated with 10 weekly HRV biofeedback sessions or with sham biofeedback control. In the
biofeedback group, patients firstly received 4 weeks training on HRV biofeedback, and the
treatment continued at home thereafter. Reductions in depressive symptoms were observed in
both treatment and control groups after 10-week HRYV biofeedback therapy or sham therapy.
The between-group differences for the outcome measures did not reach statistical significance
evaluated by HAM-D and BDI-II.

4.  What are the evidence-based guidelines regarding the use of neurofeedback or
biofeedback for the treatment of post-traumatic stress disorder, generalized anxiety
disorder, or depression?

The literature search did not identify any evidence-based guideline regarding the use of
neurofeedback or biofeedback for the treatment of post-traumatic stress disorder, generalized
anxiety disorder, or depression.

Limitations

In this update, the literature search did not identify clinical evidence regarding the effectiveness
and safety of neurofeedback therapy. There were no studies identified for patients with
generalized anxiety disorder. Due to the limited number of biofeedback studies identified (n = 3)
and the poor quality of the clinical trials, it is difficult to draw definitive conclusions regarding the
clinical effectiveness and safety of biofeedback on PTSD and depression. The two clinical trials
were short-term studies with preliminary analyses on small number of participants, which limit
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the generalizability of the findings to the target populations. Even though HRYV biofeedback was
evaluated in both studies, various HRV biofeedback techniques were employed (different
equipment and treatment frequency/duration) and the study results were inconsistent in terms of
statistical significance of the between-group difference.'*?° In addition, the non-RCT used the
Thai version clinical scales in outcome assessment. No relevant evidence-based guidelines
were found.

CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING

Similar to the original CADTH review, evidence regarding the use of biofeedback for treatment
of post-traumatic stress disorder or depression came mostly from pilot and exploratory studies
with preliminary analyses ranging in size from 11 to 100 participants. HRV biofeedback was
commonly evaluated in the newer clinical trials, and it was found to be associated with
improvement in PTSD symptoms and depression symptoms: in one systematic review of
patients with posttraumatic stress disorder, HRV biofeedback therapy was not shown to be
better than unspecified usual treatment, but in an observational study of depressive patients, it
had statistically significant benefit over usual care (such as morning exercise and social
activities). One RCT implied the possible clinical benefits of HRV biofeedback therapy over a
sham control in patients with depression; however a statistically significant between-group
difference was not detected in this small patient group. Furthermore, the clinical relevance of an
observed between-group difference was uncertain due to the lack of minimal clinically important
difference for the employed clinical scales. No evidence on the use of biofeedback or
neurofeedback in patients with generalized anxiety disorder was identified. Compelling evidence
from larger scale randomized controlled trials with alternative therapies as the comparator is still
needed to confirm the potential of biofeedback and neurofeedback, and to develop guidelines
regarding the use of these non-pharmacological and non-invasive modalities for the treatment of
mood and anxiety disorders.

PREPARED BY:

Canadian Agency for Drugs and Technologies in Health
Tel: 1-866-898-8439

www.cadth.ca
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APPENDIX 1: Selection of Included Studies

175 citations identified from
electronic literature search and
screened

156 citations excluded

v

19 potentially relevant articles
retrieved for scrutiny (full text, if
available)

0 potentially relevant
reports retrieved from
other sources (grey >
literature, hand
search)

19 potentially relevant reports

16 reports excluded:

-irrelevant population (11)
-irrelevant intervention (1)
-irrelevant outcomes (1)

-other (review articles, editorials)(2)
-not retrievable (1)

v

3 reports included in review

Biofeedback and Neurofeedback for Mood and Anxiety Disorders 10



CADTH RAPID RESPONSE SERVICE

APPENDIX 2: Characteristics of Included Studies

Characteristics of Included Trials

First Author, Study Design Patient Intervention Comparator(s) Main
Publication Year, | and Trial Characteristics Outcomes
Country characteristics Measured
Wahbeh 2014, SR, included Patients with Complementary and alternative Change in
us'® any study PTSD, number medicine (including BF therapy: HRV symptoms of
design with of patients BF, pain-focused CBT, and RSA BF) PTSD
sample size >= | ranged from 13
5 patients. to 50 in BF Usual treatment
studies.
Literature
search: 1950 to
March 2013.
33 studies were
included; 4 of
them were BF
studies.
Breach 2013, US™ | RCT; 10 weekly | 11 adult patients | 10 weekly 20- | A sham respiratory | HAMD
BF sessions with MDD, 6 in minute HRV BF | control protocol (4 BDI-I
the BF group (4 weekly weekly training and
Study duration: | and 5 in the training and home practice
10 weeks control group. home practice thereafter)
thereafter)
Bunthumporn Non-RCT; 10 100 patients with | 10 30-minute Usual care DCs
2013, Thailand® bi-weekly BF depression in 2 sessions HRV including morning TGDS
sessions senior assisted BF, twice a exercise, playing
living facilities in | week games and social
Study duration: | Thailand were or recreation
5 weeks assigned to BF activities.

(n=50) or control
group (n=50)

BDI = Beck Depression Inventory; BF = biofeedback; DCS = Depressive Cognition Scale; ESC = Emotional Symptom Checklist;
HAM-D = Hamilton Rating Scale for Depression; HRV = heart rate variability; MDD = major depressive disorder; PTSD = Post-
Traumatic Stress Disorder; RCT = randomized controlled trial; SR = systematic review; TGDS = Thai Geriatric Depression Scale
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APPENDIX 3: Summary of Critical Appraisal of Included Studies

Summary of Critical Appraisal of Included Studies |

First Author,
Publication Year

Strengths

Limitations

Systematic Review

Wahbeh 2014™

e Obijectives and inclusion/exclusion
criteria were stated.

e  Multiple databases were searched
without restriction in language and
study design.

e P values were provided for
comparisons between biofeedback
therapy and control.

e % of dropout was reported for each
included studies.

e Publication bias was assessed.

e Conflict of interest was declared.

Results were insufficiently reported (actual
change in symptom scores and MCIDs of
the employed clinical scales were not
reported, therefore clinical relevance of
the study results couldn’t be determined)
List of excluded studies was not provided.

Randomized Controlled Trial

Breach 2013"

¢ Hypothesis explicit, objectives were
stated.

e The two groups did not differ
significantly in age, gender, ethnicity,
and psychological measures.

e All patients completed the study.

Small sample size; no power calculation
A restricted randomization procedure
controlling for gender, current
psychological treatment/medication and
depression status was adopted.
Conflict of interest was not declared.

Non-Randomized

Controlled Trial

Bunthumporn
2013%

Hypothesis explicit

e Main outcomes, interventions, patient
characteristics, and main findings
explicit

e The two groups did not differ
significantly at baseline in
demographic or medical
characteristics

e  Sample size calculation was
performed and possible missing data
or attrition were considered.

e No missing data
Source of funding was indicated.

Non-randomized study design using a
convenience sample

Several employed scales needed to be
translated from English to Thai, therefore
the accuracy of translation was unclear.
The minimal clinically important difference
was not provided for the employed scales
The study was conducted in Thailand;
therefore the generalizability of the study
results was uncertain.
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Appendix 4: Main Study Findings and Authors’ Conclusions

Main Study Findings and Authors’ Conclusions

First Author Main Study Findings Authors’ Conclusions
Systematic Review
Wahbeh 2014™ Four BF studies: Evidence was unclear or conflicting for

3 out of 4 studies reported significant decrease in BF. (pg.161)
PTSD symptoms over time for both BF therapy
(20-30 minutes/session, 6-28 treatment sessions) | The controlled trials had high Quality

and the control group; however, no significant Assessment Tool scores, with either
between-group differences were identified. mixed results or no difference from the
1 uncontrolled study reported no improvement in control group. The other studies had
PTSD symptoms over time (90 minutes/session, small sample sizes and methodological
10 sessions) concerns. (pg.170)

Level of evidence: Grade C (unclear or conflicting
scientific evidence)
Randomized Controlled Trial

Breach 2013" Change in HAM-D (mean, SD) “No significant differences in depression
HRV BF group symptom improvement between groups,
Pre: 18.17 (4.79), Post at 10" week: 8.00 (3.58) although significant main effects for time
Control group were observed for both groups (p <
Pre: 19.60 (6.99), Post at 10" week: 9.00 (4.90) 0.05). Results did however support the
P=0.27 utility, feasibility, and tolerability of the

credible sham respiratory control

Change in BDI-Il score (mean, SD) protocol.” (pg.5)

HRV BF group
Pre: 31.33 (10.11), Post at 10" week: 19.67 (8.55)
Control group

Pre: 31.00 (12.86), Post at 10" week: 10.20 (5.72)
p=0.10

No participants reported significant side effects
Non-Randomized Controlled Trial

Bunthumporn Change in depressive cognitions measured by | “the findings suggest beneficial effects of
2013% DCS (mean, SD) biofeedback training in reducing negative
HRV BF group affect, depressive cognitions, and
Pre: 14.32 (7.65), Post at 5" week: 10.42 (6.34) depressive symptoms and enhancing
Control group resourceful behaviors of Thai elders in
Pre: 14.58 (8.77), Post at 5" week: 15.40 (9.42) assisted living facilities. This program
p =0.003 may be a useful adjunct to existing

programs in facilities.” (pg.16)
Change in depressive symptoms measured by
TGDS (mean, SD)

HRV BF group

Pre: 18.28 (3.54), Post at 5" week: 9.38 (5.01)
Control group

Pre: 17.52 (3.93), Post at 5" week: 17.56 (5.15)

p =0.00

BF = biofeedback; BDI-Il = Beck Depression Inventory Il; DCS = Depressive Cognition Scale; HRV = Heatrt rate variability
biofeedback; HAM-D = Hamilton Depression Inventory; HRV = heart rate variability; PTSD = Posttraumatic stress disorder; SD =
standard deviation; TGDS = Thai Geriatric Depression Scale
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